Abstract. In order to research the propagation characteristics of the satellite channel under the environment of the cloudy and foggy, a satellite channel two-state Markov model under the cloudy and foggy weather is proposed. Firstly, the influences of the multipath effect, shadowing effects, and cloudy and foggy weather on the satellite channel are analyzed. The corresponding Suzuki model and Nakagami model are established based on the channel propagation characteristics under the cloudy and foggy conditions. Then the two-state Markov model is introduced into satellite channel model to achieve the transformation of the channel characteristics with the change of cloudy and foggy weather. Finally, the simulation method of the satellite channel two-state Markov model is designed. The results show that the simulation results of the proposed model are quite consistent with those of the theoretical analyses.
distribution can be used to describe the multipath effect. Nakagami distribution is a kind of distribution with parameter m [7] . With different value of m, Nakagami distribution can describe the different fading of the channel environment. It has better flexibility and adaptability than Rayleigh and Rice distribution. The probability density function of the Nakagami distribution can be expressed as 2 is the shape factor of the Nakagami distribution, which describes the fading degree of the propagation field caused by the interference of the multipath phenomena. When the value of m becomes smaller, the attenuation of the signal becomes more serious. The Nakagami probability density function with different values of parameter m is shown in Fig.1 . When the satellite signals pass through the trees, buildings, and clouds, the shadowing effect is caused by the blocking, reflection, and refraction of these obstacles. The received signals will fade. Many studies show that the shadowing effect can be described by Lognormal distribution [8] , its probability density function can be expressed as 
where, u σ ， u m are the standard deviation and mean of the direct component. Clouds and fog attenuation. Clouds and fog belong to the water suspension body, their diameters are generally less than 0.01cm. For the high frequency band of satellite communications, the attenuation caused by the water suspension body will be serious. With the increase of frequency and the decrease of the satellite elevation angle, the clouds and fog attenuation will increase. The ITU-R provides methods to predict the attenuation due to clouds and fog on Earth-space paths [9] . The attenuation within a cloud or fog can be written as ) is the elevation angle. L is the columnar water content. 1 K is attenuation coefficient, it is relevant to the frequency and the dielectric constant of the water.
Satellite Channel Markov Model Under Cloudy and Foggy Conditions
In different weather, the signals will appear different attenuation on the channel transmission. In this paper, the channel propagation characteristics under the cloudy and foggy conditions are considered. The corresponding models are also established.
The Suzuki model under cloudy weather condition. In the cloudy weather, there are greatly thick clouds and large amount clouds. The received signals are affected by multipath effect and shadowing fading caused by clouds. In this case, the channel characteristics can be described by Suzuki model. Suzuki model is generated by Rayleigh distribution and Lognormal distribution. The probability density function of the received signal envelope r can be expressed as 
The Nakagami model of fog weather condition. In the foggy weather, the signal suffers from fog attenuation through the channel transmission. The received signal is the superposition of multiple paths. Meanwhile, the transmission signals have different attenuation within different concentrations of the fog. The different signal attenuation caused by the fog can be described by Nakagami model. The probability density function of the Nakagami model can be expressed as (1) . Nakagami model is used to describe the light fog attenuation with 2 m = , and the thick fog attenuation with 1 m = . In the foggy weather, the cumulative distribution function of the received signal envelope r is given by
where,
The satellite channel two-state Markov model. With the change of cloudy and foggy, Nakagami model and Suzuki model be used to describe the fading characteristics and these two methods will dynamically and randomly switch each other. Markov chain model is used here to achieve this stochastic switching process and accurately describe the dynamic characteristics of satellite channel. Markov model can be described by the state probability matrix S and state transition matrix P .The state probability matrix
, which is a collection of the probability that each state might occur. The state transition matrix P is formed by the state transition probability. It can be written as [ , ; , ] cc cf fc ff p p p p = P .Where, cc p and ff p express the probability of the channel maintaining in cloudy and foggy weather , respectively, while cf p and fc p represent the probability of the channel from the cloudy to the foggy weather or from the foggy to the cloudy weather. If the initial state is known, the next state can be obtained by a random variable of uniform distribution compared with the current state of transition probability. So, the long-term forecast of the channel state can be realized under the cloudy and foggy weather. The two-state Markov transition model is depicted in Fig.2 . The Implementation Method of the Satellite Channel Model
The channel model can describe the channel propagation characteristics by mathematical method, but it needs to be realized with hardware or software in research and production. Therefore, it is very necessary to research the realization of the satellite channel theoretical model.
The realization of colored Gaussian process.
All the channel models are based on a number of uncorrelated colored Gaussian processes. So, the implementation method of colored Gaussian random processes is discussed firstly. In this paper, the method of sun-of-sinusoids (SOS) is employed for designing colored Gaussian random processes [10] . The main idea of the SOS is to approximate colored Gaussian processes by a finite sum of sinusoidal waveforms, and shown in Fig.3 . The deterministic Gaussian process is given by 
Gaussian white noise signal Fig.4 . The Nakagami channel simulation model. When the value of m is different, the Nakagami distribution can conform to the Gaussian distribution, Rayleigh distribution, and the Rice distribution. So we can achieve the Nakagami channel model by these distributions. In this paper, the Nakagami channel model is generated with Gaussian distribution and Rayleigh distribution. The received signal of the Nakagami channel can be expressed as 
Simulation Analysis
In order to validate the satellite channel two-state Markov model, the relevant data are used to detect the performance of the proposed channel model. In the two-state satellite channel Markov simulation, the parameters are set as follow: the variance of Rayleigh was 0.08, the standard deviation of Lognormal was 1 dB and the mean value was -8 dB , Nakagami model is used to describe the light fog attenuation with 2 m = , and the thick fog attenuation with 1 m = . The envelope of the received signal is shown in Fig.6 . The level crossing rate(LCR) and the average duration of fade(ADF) functions are important second order statistical quantities and used for reflecting the characteristics of the fading channel. Fig.7 and Fig.8 show the normalized level crossing rate and normalized average duration of fade of the two-state Markov satellite channel. From Fig.7 and Fig.8 , we may conclude that the statistical characteristics curves of the simulation are sufficiently close to those of the theoretical model. Simulations demonstrate that the proposed channel two-state Markov model can be used to describe the propagation characteristics of satellite channel under the cloudy and foggy weather.
Conclusion
In this paper, the satellite channel two-state Markov model is established under the cloudy and foggy weather and its implement method is researched. The two-state Markov model consists of Suzuki model and Nakagami model based on the propagation characteristics of the wireless channel. The two-state Markov model effectively overcomes the problem that the single state model can not reflect the influences of satellite channel due to the weather change. The simulation results show that the satellite channel two-state Markov model can be used to describe the actual satellite channel propagation characteristics. It provides certain basis to research the effect of atmospheric attenuation on the satellite communication.
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